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&U27KH&UVSHFLHVZLWKDR[LGDWLRQVWDWHVSHFLHVKLJKO\WR[LFWRSODQWVDQGDQLPDOVZKLOH
R[LGDWLRQ VWDWHV SOD\V D YLWDO UROH LQ SODQW DQG DQLPDO PHWDEROLVP &RQVHTXHQWO\ FRQVXPSWLRQ RI
&U9,FRQWDPLQDWHGZDWHUFDXVHV OXQJFDQFHU UHVSLUDWRU\SUREOHPVEURQFKLWLVDQGGLYHUVHFDXVHRQ
ERG\LPPXQLW\V\VWHP'LIIHUHQWWHFKQLTXHVKDYHEHHQUHSRUWHGLQOLWHUDWXUHWRUHPRYHWR[LF&U9,
LQFOXGLQJ HOHFWURFKHPLFDO SUHFLSLWDWLRQ LRQ H[FKDQJH DFWLYDWHG FDUERQ DGVRUSWLRQ ELRUHPHGLDWLRQ
PHPEUDQH ¿OWUDWLRQ DQG DGVRUSWLRQ +RZHYHU WKHVH FRQYHQWLRQDOPHWKRGV DUH UHODWLYHO\ H[SHQVLYH
DQG FRPSOLFDWHG ,Q WKH OLWHUDWXUH +6 62 +2 IHUURXV LURQ DUH UHSRUWHG IRU WKH FKHPLFDO
UHGXFWLRQ RI &U9, ĺ &U,,, 7KH 62 DQG +6 WKHPVHOYHV VKRZ WR[LFLW\ DQG FUHDWH DGGLWLRQDO
HQYLURQPHQWDO SUREOHPV 2Q WKH RWKHU KDQG IHUURXV LURQ DQG JO\FHURO DUH QRW HIIHFWLYH LQ EDVLF
PHGLXP )XUWKHUPRUH &U9, UHGXFWLRQ LV DOVR UHSRUWHG E\ XVLQJPDJQHWLWH )H2 JUHHQ UXVW
IHUURXV VXOIDWH±VRGLXP GLWKLRQLWH JUDQXODU ]HURYDOHQW LURQ =9, DQG QDQRVFDOH =9, $OWKRXJK
WKHVH KHWHURJHQHRXV UHGXFWDQWV SURYLGH KLJK VXUIDFH DUHD IRU DGVRUSWLRQ DQG SUHFLSLWDWLRQ WKHVH DUH
HIIHFWLYHRQO\LQORZHUS+DQGFDQQRWEHVXLWDEOHIRUUHDOV\VWHPDSSOLFDWLRQVVXFKDVZDWHUDQGVRLO
WUHDWPHQWVZKHUHLQODUJHDPRXQWVRIWKHVHDGVRUEHQWVUHGXFWDQWVDUHUHTXLUHG7KHUHIRUHWKHSULRULW\RI
WKLV ZRUN LV WR H[SORUH HIIHFWLYH UHGXFWDQW IRU &U9, LQ WKH ZLGH UDQJH RI S+ DQG WHPSHUDWXUH
0RQWPRULOORQLWH LV  OD\HUHG FOD\PLQHUDO ZLWK KLJK FDWLRQ H[FKDQJH FDSDFLW\ KLJK VXUIDFH DUHD
VZHOOLQJ DELOLW\ DQG KDV EHHQ ZLGHO\ XVHG LQ VHYHUDO LQGXVWULHV 7KH RFWDKHGUDO DOXPLQD VKHHW LV
VDQGZLFKHGEHWZHHQWHWUDKHGUDOVLOLFDWHVKHHWV7KHQHJDWLYHFKDUJHLVFUHDWHGRQWKHFOD\PLQHUDOGXH
WRWKHLVRPRUSKLFVXEVWLWXWLRQLQWKHRFWDKHGUDOVLWHVE\0J)H7LDQGWHWUDKHGUDOVLWHVE\$O)H
6XFK D SHUPDQHQW QHJDWLYH OD\HU FKDUJH LV EDODQFHG E\ H[FKDQJHDEOH FDWLRQV DV&D1D HWF DW WKH
LQWHUOD\HU 7KXV WKH FDWLRQ H[FKDQJH FDSDFLW\ &(& RI FOD\PLQHUDO GHSHQGV RQ WKH QHW HOHPHQWDO
FRPSRVLWLRQWKDWYDULHVZLWKWKHJHRJUDSKLFDODYDLODELOLW\LQWKHHQYLURQPHQW,WLVZHOOHVWDEOLVKHGWKDW
WKHSHUPDQHQWQHJDWLYHO\ FKDUJHG OD\HUHGFOD\PLQHUDO VXFKDVPRQWPRULOORQLWH H[KLELW VWURQJDQLRQ
H[FOXVLRQ HIIHFW $(, 7KHVH HIIHFWV KDYH DQ LPSRUWDQW LPSDFW RQ WKH DGVRUSWLRQ DQG GLIIXVLRQ RI
DQLRQ 7KLV SKHQRPHQRQ ZLOO EH SXEOLVKHG VHSDUDWHO\ 7KHUH DUH IHZ PDQ\ UHSRUWV RQ QDWXUDO RU
PRGLILHGFOD\PLQHUDOVIRU&U9,UHGXFWLRQ+HQFHLWLVLPSRUWDQWWRPDNHXVHRI)H,,±0WLH
)H,,LRQVSODFHGLQWKHLQWHUOD\HURIFOD\PLQHUDOWRDXJPHQWWKHUHDOILHOGDSSOLFDWLRQV&RQVHTXHQWO\
WKHREMHFWLYHRIWKLVVWXG\LVWRDVVHVVWKHIHDVLELOLW\RIXVLQJPRGLILHGPRQWPRULOORQLWHLH)H,,±0W
IRUWKHUHGXFWLRQRI&U9,IURPDTXHRXVPHGLXP
0DWHULDOVDQGPHWKRGV
1D±PRQWPRULOORQLWH.XQLSLD)-DSDQZLWKDFDWLRQH[FKDQJHFDSDFLW\&(&RIaPHTJ
KDYLQJ DSSUR[LPDWH FKHPLFDO FRPSRVLWLRQ 1D.&D $O0J)H7LRFW
6L$OWHW22+Q+2ZDVXVHGKHUH$TXHRXVVROXWLRQRI.&U2ZDVXVHGDVWKHPRGHO
KH[DYDOHQW FKURPLXP FRQWDPLQDQW 'RXEOH GLVWLOOHG ZDWHU ZDV XVHG WKURXJKRXW WKLV VWXG\ 7KH
FRQFHQWUDWLRQ RI &U9,ZDV HVWLPDWHG IURP LWV RSWLFDO GHQVLW\ DWOPD[    QP XVLQJ899LVLEOH
VSHFWURSKRWRPHWHUHTXLSSHGZLWKFPZLGHTXDUW]FHOOV
2.1. Preparation of Fe(II)–Montmorillonite 
,QWKHILUVWVWHS)H,,,±PRQWZDVREWDLQHGE\WKHFDWLRQH[FKDQJHRIDERYHUDZFOD\PLQHUDOLQ
0)H&OVROXWLRQK;6XFKDV)H,,,±PRQWZDVVXEMHFWHGIRUUHGXFWLRQRILQWHUOD\HU)H,,,WR
)H,, LRQVXVLQJDVFRUELFDFLGWRIRUP)H,,±PRQW)RUFRPSDULVRQ1D,DQG&D,,PRQWZHUH
DOVR SUHSDUHG E\ WKH FRQYHQWLRQDO FDWLRQ H[FKDQJHPHWKRGZLWK 0 VROXWLRQV RI1D&O DQG&D&O
UHVSHFWLYHO\
7KH;UD\GLIIUDFWLRQSDWWHUQ;5'RIWKHVDPSOHVZHUHUHFRUGHGXVLQJ'SKDVHU;5'%UXNHU
$;6 *PE+ *HUPDQ\ ZLWK 1LILOWHUHG &X .D UDGLDWLRQ O   QP ,QIUDUHG VSHFWUXP RI WKH
VDPSOHVZDVUHFRUGHGE\.%USHOOHWPHWKRGXVLQJ,5DQDO\]HU)7,53&6KLPDG]X&RUSRUDWLRQ
-DSDQ7KHPLFURJUDSKVRIIUHVKO\SUHSDUHGDQGVSHQW)H,,–PRQWZDVUHFRUGHGXVLQJILHOGHPLVVLRQ
VFDQQLQJHOHFWURQPLFURVFRSH 1RYD1DQR6(0)(,&RPSDQ\1HWKHUODQGVDORQJZLWK(QHUJ\
'LVSHUVLYH;UD\(';DQDO\VLVIRUDSSUR[LPDWHHOHPHQWDOFRPSRVLWLRQ

2.2. Reduction of chromium by Fe(II)–mont 
,Q D W\SLFDO VWRLFKLRPHWULF UDWLR IUHVKO\ SUHSDUHG )H,,–0W  J ZDV DGGHG WR WKH.&U2
VROXWLRQP0PODQGNHSWVWLUULQJPDJQHWLFDOO\7KHUHDFWLRQVZHUHDOVRFDUULHGRXWDWGLIIHUHQW
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S+DQGWHPSHUDWXUH7KHUHDFWLRQPL[WXUHZDVZLWKGUDZQSHULRGLFDOO\E\XVLQJV\ULQJHWXEHDQGWKHQ
ILOWHUHGWKURXJKȝPPHPEUDQHILOWHUWRUHPRYHVXVSHQGHGFOD\SDUWLFOHV7KHGHFUHDVHLQWKH&U9,
FRQFHQWUDWLRQZDVHVWLPDWHGIURPLWVRSWLFDOGHQVLW\7KHGHFUHDVHLQ.&U2FRQFHQWUDWLRQWKURXJK
UHGXFWLRQRI)H,,±0WZDVH[SUHVVHGKHUHLQWHUPVRIUHGXFWLRQDVIXQFWLRQRIWLPH7KHVSHQWRU
R[LGL]HG)H,,±0WZDVVHSDUDWHGE\FHQWULIXJDWLRQZDVKHGWKRURXJKO\ZLWKZDWHUDQGYDFXXPGULHG
DWURRPWHPSHUDWXUHIRUIXUWKHUFKDUDFWHUL]DWLRQXVLQJ)(6(0(';DQG)7,5
5HVXOWVDQGGLVFXVVLRQ
3.1. XRD and FT-IR analysis 
7KH ;5' SDWWHUQV RI )H,,±PRQW LQ FRPSDULVRQ ZLWK &D,,±PRQW DQG 1D,±PRQW DW UHODWLYH
KXPLGLW\5+RILVVKRZQLQ)LJZHFRQILUPWKHIRUPDWLRQRI)H,,±PRQW7KHEDVDOVSDFLQJ
G DUH DV IROORZV )H,,±PRQW c &D,,±PRQW c DQG1D±PRQW c &OHDUO\ WKH
GLYDOHQW FDWLRQH[FKDQJHGFOD\PLQHUDOV VKRZHGKLJKHUG WKURXJK ODUJHU OD\HURIK\GUDWLRQZKHQ
FRPSDUHZLWKPRQRYDOHQWFDWLRQH[FKDQJHGFOD\PLQHUDO7KHVHYDOXHVDUHLQJRRGDJUHHPHQWZLWKWKH
SUHYLRXVO\UHSRUWHGYDOXHV$VVKRZQLQ)LJ)7,5VSHFWUDRIIUHVKO\SUHSDUHG)H,,±PRQW LV
VLPLODUWRWKDWRI1D,±PRQW7KHEDVLFVWUXFWXUHRIFOD\PLQHUDOKDVQRWXQGHUJRQHDQ\FKDQJHV)RU
LQVWDQFH WKHEHQGLQJYLEUDWLRQEDQGVDWaFP±IRU6L±2±$ODQGFP±IRU$O2+DUHLQWDFW
1HYHUWKHOHVV VWUHWFKLQJ YLEUDWLRQV RI 6L±2JURXSa  FP± DUH VOLJKWO\ EURDGHQHG7KH YLEUDWLRQ
EDQGVDWFP±FRUUHVSRQGLQJWRDGVRUEHGZDWHUDQGFP±IRUZDWHUSUHVHQWDWWKHLQWHUOD\HU
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)LJ3RZGHU;5'SDWWHUQVRI)H,,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)LJ)7,5VSHFWUDRIIUHVKO\ SUHSDUHG)H,,±0WFRPSDUHG
ZLWK1D,±0WDVZHOODVVSHQW R[LGL]HG)H,,±0W
3.2. Effect of pH on Cr(VI) reduction by Fe(II)-mont 
)LJ  6KRZV WKH  UHGXFWLRQ RI >&U2í@ E\ )H,,±PRQW DUH LQ VWRLFKLRPHWULF DPRXQWV DW
GLIIHUHQWS+DVDIXQFWLRQRIWLPH,QJHQHUDO&U9,UHGXFWLRQE\)H,,±PRQWLVUDSLGSURFHVVLQHDFK
FDVHZHVHH$UDSLGILUVWVWDJHIROORZHGE\DVORZVHFRQGVWDJH7KHUHDFWLRQZDVFRPSOHWHDWS+±
ZDVPLQDQGPLQ$WQHXWUDOS+DQGDERYHWKHUHGXFWLRQZDVUHODWLYHO\VORZ)RULQVWDQFHDW
S+  WKHUHZDV DERXW  UHGXFWLRQZLWKLQ PLQ DQG WKHUHDIWHU JUDGXDO UHGXFWLRQ RFFXUUHG ,W LV
ZHOONQRZQWKDWWKHS+KDVDVLJQLILFDQWHIIHFWRQWKH&U9,UHGXFWLRQ)RULQVWDQFH;LDQJ5RQJet 
alKDYHVKRZQWKDWWKHUHGXFWLRQRI&U9,E\DVFRUELFDFLGXQGHUDFLGLFS+LVIDVWHUWKDQQHXWUDOS+
DQGVORZHUDWDONDOLQHS+$VLPLODUREVHUYDWLRQZDVPDGHIRU&U9,UHGXFWLRQE\PDJQHWLWHWKHUH
ZDV!UHPRYDORI&U9,E\PDJQHWLFQDQRSDUWLFOHVDWS+±ZKHUHDVLWZDVDWS+±
DQG RQO\  DW S+  ±  8VLQJ QDQRVFDOH ]HUR YDOHQW LURQ VXSSRUWHG RQ PHVRSRURXV VLOLFD
Q=9,#0&0DFRPSOHWH UHGXFWLRQZDVDFKLHYHGDWS+ LQDERXWKDQG LWZDVGHFUHDVHG WR
 DW S+  %XW LQ QHXWUDO DQG DERYH S+ DOPRVW WKHUH ZDV QR UHGXFWLRQ RI &U9, XVLQJ
Q=9,#0&0+RZHYHULQWKHSUHVHQWVWXG\ZHVHHWKHHIILFLHQWUHGXFWLRQRI&U9,LQDFLGLFDV
ZHOODVEDVLFS+
3.3. Effect of temperature on Cr(vi) reduction by Fe(II)–mont  
7KHUHGXFWLRQRI&U9,E\)H,,±PRQWZDVFDUULHGRXWLQGLIIHUHQWWHPSHUDWXUHV±&DWS+
VKRZQLQ)LJ,QJHQHUDOWKH&U9,UHGXFWLRQLQFUHDVHGZLWKWHPSHUDWXUHXSWR&7KHWLPH
WDNHQIRUFRPSOHWHUHGXFWLRQDW&57&DQG&DUHDQGPLQUHVSHFWLYHO\;LDQJ
5RQJet alKDYH VKRZQ WKDW WKH WHPSHUDWXUHGHSHQGHQW UHGXFWLRQRI&U9,E\DVFRUELFDFLG LQ WKH
UDQJH RI  ±  & DW S+  ZLWK D UHDFWLRQ WLPH RI PLQPRUHRYHU D VLJQLILFDQW HIIHFW RQ WKH
UHGXFWLRQ RI &U9, ZDV REVHUYHG ZKHQ WKH WHPSHUDWXUH ZDV  ±  & ,QYLWUR VWXGLHV RI &U9,
UHGXFWLRQ E\ FHOO IUHH H[WUDFWV RI FKURPDWHUHGXFLQJ EDFWHULD VKRZHG WKH PD[LPXP UHGXFWLRQ DW
DPELHQW WHPSHUDWXUH  & %HQWRQLWHVXSSRUWHG Q=9, XVHG IRU WKH UHPRYDO &U9, IURP ZDVWH
ZDWHU VKRZHG DERXW  UHGXFWLRQ DW  & DQG  UHGXFWLRQ DW  & 6LPLODUO\ ZKHQ )H2
VWDELOL]HG )H QDQRSDUWLFOHV ZHUH XVHG IRU UHGXFWLRQ RI &U9, IURP DTXHRXV VROXWLRQ WKH UDWH RI
UHGXFWLRQZDVKLJKDWORZHUWHPSHUDWXUHIRULQVWDQFHDERXWUHGXFWLRQZDVVHHQDW&ZKLOHLW
LVDW&+RZHYHULQWKHSUHVHQWVWXG\ZHVHHWKHHIILFLHQWUHGXFWLRQRI&U9,E\)H,,±
PRQWLQDOOWKHWHPSHUDWXUHVIURP±&

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)LJ5HGXFWLRQRI&U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±0WDWGLIIHUHQWS+
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)LJ5HGXFWLRQRI&U9,DWS+E\VWRLFKLRPHWULFDPRXQWRI)H,,±0WDWGLIIHUHQWWHPSHUDWXUH
3.4.  Examination of spent Fe(II)–mont 
,QRUGHUWRXQGHUVWDQGWKHUHGXFWLRQRI&U9,DQGLPPRELOL]DWLRQRI&U,,,RQWKHFOD\PLQHUDOLW
LVLPSRUWDQWWRH[DPLQHWKHVSHQWRUR[LGL]HG)H,,±PRQW$FFRUGLQJO\WKH)H,,±PRQWZDVDQDO\]HG
E\)(6(0('$;VKRZQLQ)LJWRREVHUYHDQ\PRUSKRORJLFDOFKDQJHVXSRQ&U9,UHGXFWLRQ
)LJVKRZVWKDWWKHUHZDVQRDSSUHFLDEOHFKDQJHLQWKHPLFURVWUXFWXUHRI)H,,±PRQW+RZHYHU
(';FRQILUPHGWKHLPPRELOL]HG&USUHVHQWLQWKHVSHQW)H,,±PRQW$VUHYHDOHGE\)7,5VSHFWUDKHUH
WKHVSHQWFOD\PLQHUDOLVLQWDFWLQDOOUHVSHFWVZKHQFRPSDUHGWRIUHVK)H,,±PRQW0RUHRYHUWKHUHLV
QRLQGLFDWLRQDERXWWKHSUHVHQFHRIDGGLWLRQDO)H±&UR[LGHSKDVHSUREDEO\GXHWRWKHLUVPDOOIUDFWLRQ
,Q RUGHU WR TXDQWLWDWLYHO\ HVWLPDWH WKH DGVRUEHG&U DQG LURQ LQ WKH VSHQW FOD\PLQHUDO WKH FKHPLFDO
H[WUDFWLRQZDVGRQHZLWKGLIIHUHQWUHDJHQWVYL]0+6201+&201D&O0
1D('7$,QHDFKFDVHDNQRZQDPRXQWJRIWKHVSHQWFOD\PLQHUDOZDVGLVSHUVHGLQPORI
UHDJHQWVIRUKDQGWKHVDPSOHVZHUHDQDO\]HGE\,&32(6
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)LJ)(6(0ZLWK(';RIR[LGL]HGVSHQW)H,,±0W
7DEOH$PRXQWVRI)HDQG&UUHOHDVHGIURPVSHQWRUR[LGL]HG)H,,±0WLQGLIIHUHQWUHDJHQWV
([WUDFWLRQ
UHDJHQWV
)HSUHVHQW
LQP0
&USUHVHQW
LQP0
0+62  
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$VVKRZQLQ7DEOH1D('7$ZDVIRXQGWREHHIIHFWLYHUHDJHQWWRH[WUDFWWKHVHPHWDOVGXHWRLWV
VWURQJFKHODWLQJDELOLW\7KH)HDQG&UFRQWHQWDUHVOLJKWO\VPDOOHU WKDQ WKHH[SHFWHGYDOXHV7KLV LV
SUREDEO\GXHWRWKHLUH[LVWHQFHDVR[\K\GUR[LGHV)H22+RU&U22+ZKLFKQHHGUHSHDWHGWUHDWPHQW
SUHIHUDEO\DWHOHYDWHGWHPSHUDWXUHIRUFRPSOHWHH[WUDFWLRQ
&RPSDULVRQZLWKRWKHUUHGXFWDQWV
4LX HW DO KDYH EHHQ GHPRQVWUDWHG WKH FKURPLXP UHPRYDO XVLQJ FHOOXORVH GHULYHG PDJQHWLF
PHVRSRURXVFDUERQQDQRFRPSRVLWHVKRZHYHUWKHUHZDVRQO\UHPRYDOZDVDFKLHYHG=KDQJ
HWDOUHSRUWHGWKHUHGXFWLRQRIDTXHRXV&U9,XVLQJQDQRVFDOH]HURYDOHQWLURQWKDWLVGLVSHUVHGXVLQJ
KLJKHQHUJ\HOHFWURQEHDPLUUDGLDWLRQPRUHRYHUUHGXFWLRQHIILFLHQF\LVDOVRDQLQFUHDVHIURPWR
ZDVDFKLHYHGEXWQDQRVFDOH]HURYDOHQWLURQVKRZVJRRGHIILFLHQF\RQO\LQWKHSUHVHQFHRIKLJK
HQHUJ\HOHFWURQEHDPLUUDGLDWLRQ&RQVHTXHQWO\GLIIHUHQWW\SHVRIDJULFXOWXUDOPDWHULDOVVXFKDVULFH
VWUDZZRROFRFRQXWKXVNVSHDWPRVVHVDQGLQGXVWULDOZDVWHUXEEHUWLUHVDUHXVHGIRUWKHDGVRUSWLRQRI
FKURPLXP1HYHUWKHOHVVWKHPDLQGUDZEDFNLQWKHVHDUHJHQHUDWLQJODUJHDPRXQWVRIVHFRQGDU\ZDVWH
DQGGRQRWDEOHWRPHHWGLVFKDUJHVWDQGDUGV)XUWKHUPRUHIHUURXVVXOSKDWHRUVRGLXPVXOSKLWHLVXVHG
DVUHGXFWDQWVIRU&U9,ĺ&U,,,IHUULFK\GUR[LGHDQGVXOSKXUGLR[LGHWR[LFDQGKLJKO\YRODWLOHDUH
IRUPHGUHVSHFWLYHO\DVE\SURGXFWVZKLFKDUHGLIILFXOWWRKDQGOH7KHUHIRUHLWLVHVVHQWLDOWRSURSRVHD
VXLWDEOHUHGXFWDQWDGVRUEHQWIRUILHOGDSSOLFDWLRQHVSHFLDOO\WRWUHDWZDWHUDQGVRLO:HEHOLHYH)H,,±
PRQWFRXOGEHWKHHIILFLHQWDQGVXLWDEOHPDWHULDOWRDXJPHQWWKHILOHGDSSOLFDWLRQV)RUWKLVDVOXUU\RI
)H,,±PRQWILOOHGLQGLDO\VLVEDJVFRXOGEHVXVSHQGHGLQWKHFRQWDPLQDWHGERGLHVVXFKDVIORZLQJRU
VWDJQDQW ZDWHUV DQG LQGXVWULDO HIIOXHQWV ,Q WKH FDVH RI VRLO FRQWDPLQDWLRQ LW PXVW EH VXIILFLHQWO\
PRLVWXUL]HGZHWEHIRUHGLVSHUVLQJWKH)H,,±PRQW
&RQFOXVLRQV
:H KDYH FRQILUPHG WKH SRWHQWLDO DSSOLFDWLRQ RI )H,,±PRQW WR WUHDW WKH KD]DUGRXV &U9,
FRQWDPLQDWLRQ LQ DTXHRXVPHGLXP ,Q JHQHUDO &U9, UHGXFWLRQ E\ )H,,±PRQW LV D UDSLG SURFHVV
HVSHFLDOO\ XQGHU VWRLFKLRPHWULF FRQGLWLRQV 7KH UHVXOWV VKRZHG WKDW &U9, UHGXFWLRQ ZDV UDSLG DW
DFLGLFS+DQGLQFUHDVHVZLWKWHPSHUDWXUHXSWR&7KHUHZDVUHGXFWLRQDFKLHYHGLQS+±
DWDQGPLQUHVSHFWLYHO\$WGLIIHUHQWWHPSHUDWXUHWKHWLPHWDNHQIRUUHGXFWLRQDW&57
&DQG&ZDVDQGPLQUHVSHFWLYHO\7KHUHGXFWLRQIROORZHGE\LPPRELOL]DWLRQRI
&U,,,RQWKHVSHQWFOD\PLQHUDOZDVHYLGHQWIURP)(6(0(';DQDO\VLV([SHULPHQWDOUHVXOWVFOHDUO\
LQGLFDWHVWKDW)H,,±PRQWDFWVDVDQHIIHFWLYHUHGXFWDQWWRWUHDWWKHKD]DUGRXV&U9,FRQWDPLQDWLRQLQ
DTXHRXVPHGLXP
$FNQRZOHGJHPHQW
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